To investigate the effects of dual plasma molecular adsorption system (DPMAS)ontheliverfunction,electrolytes,inflammation,andimmunityinpatients withchronicseverehepatitis(CSH).
| INTRODUC TI ON
Chronicseverehepatitis(CSH)isacommondigestivesystemdisease in clinic, which is pathologically characterized by the necrosis of a large number of hepatocytes. It even causes death if no timely and effective treatment is adopted. 1 CSH is difficult to be completely cured, and it frequently relapses easily, causing great physical and emotional pain and seriously affecting the quality of life of patients. 2 At present, patients with CSH are mainly treated with conventional medical comprehensive treatment, including liver protection therapy and antiviral medication. The therapeutic drugs mainly include adefovir dipivoxil, lamivudine, and entecavir, but the long-term effects are still not very satisfactory. Besides, the drug toxicity impairs the recovery of liver function and leads to electrolyte imbalance in patients. 3, 4 Plasma exchange is a non-biological technique through temporarily or partially replacing the liver function, which is effective in the treatment of CSH. 5 However, simple plasma exchange has certain limitations and poses a potential risk of autoimmune dysfunction.Thedualplasmamolecularadsorptionsystem(DPMAS)is a typical non-biological artificial liver technique that improves the efficacy of simple plasma exchange. 6 In the present study, we evalu-atetheeffectofsimpleplasmaexchangecombinedwithDPMASfor the treatment of patients with CSH, so as to provide a basis for the development of artificial liver treatment of CSH. pregnant or lactating women. There were no statistically significant differences in the general data between the two groups (P>0.05) (Table1).
| DATA AND ME THODS

| General data
| Methods
| Treatment methods
The patients in both groups were treated with medical comprehensive treatment, including intravenous infusion of compound glycyrrhizin, other liver protection treatment, oral administration of entecavir tablets for antiviral therapy, and bed rest. Based on the above treatment, the patients in control group were treated with simple plasma exchange:GambroAK100(GAMBROLUNDIAMONITORDIVISION) plasmaexchangemachineandD-type(Braun)hemodialysismachine were used. Low molecular heparin (50 U/kg) was used for anticoagulation, 2500 mL plasma was separated and discarded on average using a fractional plasma separator, and 60 g 10% albumin + 2500 mL Riger's mixture were intravenously injected at a rate of 10 mL/min. 
| Detection of indexes
After 5 mL venous blood was drawn from patients (fasting for 8 hours) before and after treatment, it was centrifuged (Hunan ChangshaXiangruiCentrifugeCo.,Ltd.)at600g for 30 minutes.
Thesupernatantwastakenandstoredinarefrigeratorat−20°C.
The levels of cluster of differentiation 3 + (CD3 + ),CD4 + , and CD8 + were detected using a flow cytometer (Partec). The levels of serum interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), and C-reactive protein (CRP) were detected via enzyme-linked immunosorbent assay (ELISA) strictly according to the instructions TA B L E 1 General data of objects of study of kits (Thermo Fisher Scientific). The optical density (OD) value was read at a wavelength of 450 nm using a microplate reader, andtheconcentrationsofIL-6,TNF-α, and CRP were calculated.
The liver function was detected after treatment using a full-automatic biochemical analyzer (Toshiba), and the relevant indexes were serum total bilirubin (TBIL), direct bilirubin (DBIL), alanine aminotransferase (ALT), and cholinesterase (CHE). The levels of serumelectrolytes,includingK + ,Na + , Cl − , and Ca 2+ , were analyzed using aDSI-905 full-automatic electrolyte analyzer (Shanghai Xunda Medical Instrument Co., Ltd.) before and after treatment, and the concentration of each ion was calculated using a tester based on the standard curve.
| Evaluation criteria
The levels of serum TBIL, DBIL, ALT, and CHE were measured and compared between the two groups after treatment. The electrolyte levels in both groups were detected before and after SPSS 19 .0 (SPSS Inc) software was used for data processing.
| Statistical processing
Measurement data were expressed as mean ± standard deviation (x ± s).t Test was used for comparison between two groups, and chisquare test was used for enumeration data. Continuous data from multiplegroupswereanalyzedbyusingone-wayANOVA,withthe Tukeyposthoctest.P < 0.05 suggested that the difference was statistically significant.
| RE SULTS
| Comparison of liver function between the two groups of patients
After treatment, the levels of TBIL, DBIL, and ALT in observation group were significantly lower than those in control group, while the level of CHE was significantly higher than that in control group (P<0.05)(Table2).
| Comparisons of electrolyte levels between the two groups of patients
Theelectrolytelevels,includingK + ,Na + , Cl − , and Ca 2+ , in both groups were significantly improved after treatment (P < 0.05), but there were no significant differences between the two groups (P>0.05) (Tables3and4).
| Comparisons of inflammatory levels between the two groups of patients before and after treatment
We evaluated the inflammatory response, and we found that the lev-elsofCRP,IL-6,andTNF-α in both groups obviously declined after treatment compared with those before treatment. As the treatment time extended, the levels of inflammatory factors significantly decreased in observation group compared with that in control group (P<0.05)(Tables5,6and7).
| Comparison of immunity between the two groups after treatment
After treatment, the levels of CD3 + , CD4 + , and CD4 + /CD8 + were higher in observation group than those in control group, while the level of CD8 + was lower than that in control group (P<0.05)(Table8). 
TA B L E 2 Comparison of liver function between the two groups of patients
| D ISCUSS I ON
The liver is a vital organ in the human body, which significantly participates in the metabolism, detoxification, excretion, and synthesis functions. In the case of short-term liver dysfunction under the influence of various adverse factors, CSH will occur. 8 
TA B L E 8 Comparisons of T lymphocyte subsets between the two groups of patients after treatment
A large number of liver cells necrotize in patients with CSH under the influence of various factors. The impairment of liver function induces a series of complications, including the deterioration of the detoxification, synthesis, biotransformation, the immune response, resulting in the accumulation of cytotoxic substances in the body, and in turn further damaging the liver function. 13 The results of the present study revealed that the liver function was recovered after plasma exchange treatment in both groups. The levels of TBIL, DBIL, and ALT in observation group were remarkably lower than those in control group, while the CHE level was remarkably higher than Tumor necrosis factor-α is one of the most important inflammatory mediators, which can initiate and trigger inflammatory responses and cause multiple signaling cascades. 16 IL-6 induces adhesion and aggregation of inflammatory cells to promote inflammation, which plays diverse roles in the body. 17 CRP represents a commonly used inflammatory index in clinic. 18 During the process of necrosis of liver cells in patients with CSH, the endotoxin increases, which strongly induces monocyte-macrophages to secrete a large amount of TNF-α. The increasing level of TNF-α can elicit the production of CRP, IL-6, and other cytokines to be involved in the inflammatory response in the liver, cause secondary damage to liver cells, aggravate liver damage, and deteriorate the disease. 19 The resultsofthisstudyshowedthatthelevelsofCRP,IL-6,andTNF-α in both groups significantly declined after treatment compared with those before treatment, and DPMAS even decreased these levels.
ItisbelievedthatplasmaexchangeandDPMAScandraintheblood from patients and separate plasma and cell components using the plasma separator, which can not only effectively scavenge endotoxin,butalsoefficaciouslyremovesuchcytokinesasCRP,IL-6,and TNF-α. Then, the cell components and fresh plasma in the same type are transfused into patients, thus effectively reducing the levels of inflammatory factors.
The inflammatory response in patients with CSH can lead to immune dysfunction, cause secondary immune damage, up-regulate the expression of CD8 + T lymphocytes, and initiate apoptosis. 20 We found that after treatment, the levels of CD3 + , CD4 + , and CD4 + /CD8 + in observation group were higher than those in control group, while the level of CD8 + was lower than that in controlgroup.DPMASisconsideredtoincreasetheeffectofsimple plasma exchange, and such combined application reduces the loss of beneficial substances in the patient's plasma, such as blood coagulation factors, albumin, and growth factors, therefore attenuating the damage of platelets and erythrocytes, and enhancing the immunity in patients.
| CON CLUS ION
In conclusion, plasma exchange combined with DPMAS can effectively improve the liver function, regulate the electrolyte balance, reduce the inflammatory response, and enhance the immunity in patients with CSH. It serves as an enhancer to simple plasma exchange and benefits the clinical popularization and application.
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